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Drought  Stress  as  a Predisposing 
Factor  to  Plant  Disease^ 


Fred  Brooks 


Plant  Pathology  Department 
University  of  California 
Riverside  CA  92521 


Abstract — Periodic  drought,  a feature  of  the  chaparral  plant 
community,  has  implications  beyond  the  apparent  damage  that  it 
causes.  Drought,  among  other  plant  stressors,  is  also  a predisposing 
factor  in  many  diseases  and  disorders  caused  by  opportunistic 
parasites,  such  as  Botryosphaeria  dothidea.  Botryosphaeha  dothidea 
is  a fungal  pathogen  that  attacks  wounded  or  weakened  hosts.  It  has 
been  demonstrated  that  a low  plant  water  potential  (e.g.,  drought 
stress)  can  increase  the  susceptibility  of  many  mesophytic  plants  to 
stem  cankers  and  branch  dieback  from  B.  dothidea.  The  water 
potential  of  xerophytic  chaparral  plants  is  routinely  lower,  however, 
than  the  level  of  drought  stress  that  causes  dieback  in  most 
mesophytes.  This  presentation  discusses  environmental  stress  in 
general,  with  an  emphasis  on  climatological  drought.  Current  research 
demonstrating  the  correlation  between  low  plant  water  potential  and 
the  incidence  and  severity  of  disease  in  the  southern  California 
chaparral  will  also  be  presented. 

A basic  tenet  of  plant  pathology  is  the  concept  of  the  disease 
triangle,  with  plant,  pathogen,  and  environment  at  the  comers.  Too 
often  the  plant  pathologist  and  entomologist  will  focus  on  causal  agents 
of  the  disease;  the  microbiologist,  soil  scientist  or  meteorologist  will 
probe  the  environmental  aspects;  and  plant  biologists  will  examine  the 
physiological,  morphological,  and  biochemical  reactions  of  a plant  to 
changing  conditions. 

To  understand  plant  diseases  and  disorders  on  a community  level, 
the  interrelationships  implied  by  the  disease  triangle  should  be  kept  in 
mind.  In  deference  to  modem  agriculture,  human  influences  are 
sometimes  placed  at  the  apex  of  a three-dimensional  tetrahedron.  In  this 
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article,  however,  the  human  impact,  though  considerable,  is  regarded  as 
an  environmental  perturbation. 

Following  a brief  history  and  definition  of  the  terms  predisposition 
and  stress,  the  relationship  between  stress  and  plant  disease  will  be 
discussed.  Research  in  progress  on  the  effect  of  drought  on  fungal 
branch  dieback  is  used  to  show  the  possible  interrelationships  between 
plant,  pathogen,  and  environment.  The  principles  are  basic  and 
encompass  all  natural  plant  communities,  agriculture,  and  even  the 
home  landscape. 

In  ancient  Greece,  the  natural  scientist  and  philosopher  Theophrastos 
(370-286  BCE)  recorded  the  effects  of  cultural  practices  and  climate  on 
rust  diseases  of  cereal.  He  observed  that  the  contour  of  the  land  and  the 
position  of  the  crops  apparently  affected  the  incidence  and  severity  of 
disease.  The  belief  that  disease  erupted  spontaneously  from  within  the 
plant,  however,  precluded  establishing  a direct  relationship  between  the 
surrounding  conditions  and  plant  health. 

In  the  early  1 800s,  this  theory  of  spontaneous  generation  was  placed 
in  doubt  by  Prevost.  Working  with  bunt  of  wheat,  he  showed  that  a 
causal  organism  apart  from  the  plant  itself  was  responsible  for  the 
disease,  and  suggested  that  environmental  conditions  played  an  indirect 
role  in  disease  development. 

Hemileia  vastatrix,  the  coffee  rust,  single-hahdedly  turned  the 
British  into  a commonwealth  of  tea-drinkers.  Marshall  Ward  (1890), 
studying  this  problem  in  Sri  Lanka  determined  that  the  rust  pathogen 
alone  was  a manageable  problem.  The  presence  of  a susceptible  host  in 
large  numbers  and  conducive  environmental  conditions,  however,  were 
to  have  devastating  consequences. 

In  1959,  Yarwood  synthesized  previous  observations  into  a 
definition  of  predisposition  as  a “. . . tendency  of  non  genetic  factors, 
acting  prior  to  infection,  to  affect  the  susceptibility  of  a plant  to 
disease.”  For  the  purposes  of  this  article,  predisposition  is  defined  as 
the  effect  of  environmental  factors,  biotic  or  abiotic,  on  the  increased 
susceptibility  of  a plant  to  parasites  when  these  conditions  act  primarily 
on  the  plant  before  infection  occurs.  Factors  that  reduce  a plant’s 
ability  to  initiate  a defense  may  also  be  conducive  to  the  pathogen  but 
the  primary  effect  must  be  on  the  plant  itself 

The  concept  of  stress,  first  applied  to  the  human  organism  in  1936 
by  Hans  Selye,  has  become  an  important  consideration  for  the  modem 
populace.  Living  a healthy,  productive  life  is  similar  to  maximizing  a 
crop  yield.  Those  factors  that  cause  a plant,  or  person,  to  expend  energy 
in  repair  or  defense  interfere  with  the  equilibrium  of  the  organism  and 
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make  it  more  susceptible  to  disease.  The  organism  is  said  to  be  under 
strain. 

Elastic  strain  is  reversible,  plastic  strain  is  not.  The  initial  stages  of 
plant  water  deficit  produce  an  elastic  strain,  with  rehydration  returning 
the  plant  to  its  prestressed  state.  If  the  water  deficit  is  severe  or 
prolonged,  however,  plastic  strain  and  irreversible  tissue  damage  results. 
This  direct  injury  is  usually  evidenced  by  a uniform  death  of  similarly 
stressed  branch  tips.  In  contrast,  fungal  branch  dieback  is  unevenly 
distributed  throughout  the  plant  and  is  due  to  a girdling  of  the  vascular 
cambium  or  blockage  of  the  xylem  vessels  by  the  pathogen. 

Environmental  stressors  seldom  occur  alone.  For  example,  freezing 
temperatures  that  cause  direct  plant  cell  membrane  damage  may  also 
produce  plant  dehydration  by  freezing  soil  water  and  preventing  its 
uptake.  Frozen,  necrotic  plant  parts  also  offer  a nutrient  source  for 
microorganisms  and  an  entry  site  for  opportunistic  parasites.  Another 
example  of  a combination  of  factors,  often  considered  as  a single 
stressor,  is  drought.  This  complex  may  consist  of:  (I)  low  soil  moisture, 
which  decreases  the  water  available  to  the  plant,  (2)  high  temperatures, 
that  may  directly  injure  plant  tissue  and  disrupt  metabolic  pathways,  (3) 
low  relative  humidity,  which  increases  the  vapor  pressure  deficit 
between  the  plant  and  the  atmosphere,  and  (4)  windy  conditions  that 
lower  leaf  boundary  layer  resistance  and  increase  water  loss. 

Pathologists  loosely  divide  plant  parasites  into  biotrophic  and 
necrotrophic,  depending  on  how  they  obtain  nutrients.  Biotrophic 
(obligate)  parasites,  such  as  the  rust  or  powdery  mildew  fungi,  dwarf 
mistletoe  (Purtich  1975),  and  most  sucking  and  chewing  insects,  are 
dependent  on  living  host  tissue.  Healthy,  vigorous  plants  are  usually  the 
most  susceptible. 

Macrophomina  sp.,  a soil-borne  pathogen,  other  fungi  responsible 
.for  canker  and  dieback  diseases,  and  many  bacteria  are  not  obligated  to 
feed  on  living  cells.  They  live  saprophtyically  on  dead  and  dying  host 
tissue  or  persist  in  survival  structures  within  the  plant  or  in  the  soil. 

Most  of  these  necrotrophic  parasites  are  considered  nonaggressive  and 
opportunistic,  requiring  a wounded  or  debilitated  host  to  infect. 

Botryosphaeria  dothidea  (Moug.  ex  Fr.)  Ces  & de  Not.  is  known  to 
invade  plants  that  have  been  subjected  to  stressors  such  a freezing, 
defoliation  and  drought  (Schoeneweiss  1981).  Most  research  to  date 
has  focused  on  cultivated  trees  and  agricultural  crops.  In  1975,  Donald 
Schoeneweiss  et  al.,  working  with  Betula  alba  L.,  Cornus  stolonifera 
Michx.,  and  Liquidambar  styracijlua  L.,  found  that  withholding  water 
made  these  plants  more  susceptible  to  canker  formation  and  branch 
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dieback  caused  by  B.  dothidea.  The  xylem  pressure  potential  at  which 
these  mesophytic  plants  were  predisposed  (-1.2  MPa,  or  -12  bars)  is, 
however,  considerably  higher  than  that  experienced  by  most  xerophytes. 
Shrubs  in  the  dry  southern  California  chaparral  routinely  experience 
water  potentials  two  to  four  times  lower  than  this  critical  value  and  may 
show  no  symptoms  of  disease.  However,  if  the  dry  season  is  particularly 
long  or  severe,  or  if  several  arrive  in  succession,  branch  dieback  can 
occur  and  cause  widespread  damage. 

Rainfall  during  the  hydrologic  year  1983-1984  was  in  the  lowest 
tenth  percentile  recorded  in  over  100  years.  Of  more  significance,  90% 
of  the  rain  fell  before  December  1983  (P.  Riggan,  unpublished).  During 
the  following  years,  1984-1985,  forestry  and  fire  officials  reported 
branch  dieback  and  plant  death  throughout  the  San  Gabriel  and  Santa 
Monica  Mountains  of  southern  California  (S.  Franklin,  personal 
communication).  Shallow-rooted  ceanothus  and  manzanita  on  exposed, 
south-facing  slopes  showed  the  most  damage. 

The  dead  and  dying  vegetation  was  viewed  with  concern  by  those 
responsible  for  fire  control  in  the  always-volatile  chaparral.  This 
increased  fuel  load,  coupled  with  the  hot,  dry,  often  windy  conditions  of 
late  summer  and  fall,  promised  an  extremely  hazardous  fire  season. 

In  September,  1990,  a two-year  cooperative  agreement  was  formed 
between  the  Dept,  of  Plant  Pathology,  U.C.  Riverside,  and  the  Forest 
Fire  Laboratory,  U.S.  Forest  Service.  The  main  objective  of  this  project 
was  to  study  the  relationship  between  seasonal  changes  in  plant  water 
potential  and  the  incidence  and  severity  of  branch  dieback  caused  by  B. 
dothidea. 

Two  locations  were  chosen  for  the  field  work.  The  principal 
research  area  was  the  San  Dimas  Experimental  Forest  (SDEF)  in  the  San 
Gabriel  Mountains,  north  of  Glendora,  California.  It  consisted  of  6,800 
ha  (17,000  acres)  of  chaparral -covered  canyons  and  ridges.  The 
south-facing  slopes  are  dominated  by  a mixture  of  Adenostoma 
fasiculatum  H.  & A.  and  Ceanothus  crassifolius  Torr.,  with  occasional 
^ookQXs  oi Arctostaphylos  glauca  lAndX.  A.  glandulosa  Eastw. 

Three  sites,  differing  in  elevation,  slope,  aspect,  and  species 
composition  were  being  used  for  the  study.  Deep-rooted  Arctostaphylos 
glandulosa  dominates  the  upper  site  (985  m),  whereas  A.  glauca 
dominates  the  middle  (925  m)  and  lower  (770  m)  sites.  The 
Arctostaphylos  spp.  were  chosen  for  inoculation,  because  their  thin, 
translucent  epidermis  permits  a visual  assessment  of  expanding  branch 
necrosis  without  destructive  sampling. 
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The  second  field  location  was  at  the  Rancho  Santa  Ana  Botanic 
Garden  (RSA)  in  Claremont,  California.  The  Garden  donated  an  area  of 
California  silk  tassel,  Garrya  Jlavescens  Wats.,  for  research  that  would 
parallel  that  being  done  in  the  Experimental  Forest.  A major  advantage 
of  RSA  was  access  to  irrigation  that  allowed  the  manipulation  of  plant 
water  potentials  during  the  study. 

The  inoculation  procedure  was  the  same  at  both  locations.  Branches 
were  wounded  and  inoculated  with  agar  plugs  containing  the  mycelium 
of  B.  dothidea.  Inoculations  took  place  in  January,  May  and  September 
of  each  year.  In  mediterranean-type  climate  regimes  of  the  northern 
hemisphere,  these  months  occur  during,  after  and  before  the  winter 
rains,  respectively.  Inoculated  branches  were  checked  weekly  and 
increases  in  lesion  length  recorded. 

Midday  xylem  pressure  potentials  for  each  shrub  were  measured  the 
same  day  with  a Scholander  pressure  bomb  (1965),  which  gives  a quick, 
reliable  measurement  of  the  negative  pressure  (i.e.  tension)  in  the  plant 
xylem.  It  has  been  demonstrated  by  Boyer  (1966)  and  others  that  xylem 
pressure  potential  measured  by  this  method  is  within  a few  bars  of  total 
plant  water  potential. 

The  fluctuation  in  xylem  pressure  potential  over  a 24-hour  period 
was  measured  monthly  in  the  SDEF  by  the  same  method.  Dawn, 
midday  and  sunset  readings  were  taken  as  an  assessment  of  the  daily 
changes  in  plant  hydration  throughout  the  year. 

Data  from  the  first  two  years  of  research  show  a correlation  between 
xylem  pressure  potential  and  the  rate  and  severity  of  infection  from 
inoculations  with  B. dothidea.  Some  of  the  results  from  the  San  Dimas 
Experimental  Forest  follow. 

During  the  cool,  wet  month  of  January,  midday  xylem  pressure 
potentials  were  the  highest  recorded  for  the  year,  averaging  -I.O  to  -1.5 
MPa  (1.0  MPa  = 10  bars).  All  plants  exhibited  a defensive  response  to 
the  inoculation  and  produced  a thick  barrier  of  callus  tissue  that 
effectively  contained  the  pathogen.  Later  in  the  year,  as  the  xylem 
pressure  potential  decreased,  a number  of  lesions  became  active  and 
some  branch  mortality  was  recorded. 

In  May,  plants  were  growing  vigorously  and  xylem  pressure 
potentials  averaged  -2.0  MPa.  Host  response  was  less  distinct,  as 
evidenced  by  the  absence  of  a callus  ridge.  As  a result,  necrotic  lesions 
grew  steadily  throughout  the  summer  as  plant  water  deficits  increased. 

A higher  incidence  of  branch  death  had  occurred  by  late  summer  than 
with  the  January  inoculations. 
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Xylem  pressure  potentials  in  September  and  October  were  the  lowest 
of  the  year.  Average  readings  varied  among  species,  and  according  to 
an  individual  plant’s  ability  to  resist  desiccation.  Values  between  -2.5 
and  -7.0  MPa  were  measured  among  the  plants  tested.  The  lowest 
readings  were  on  the  shallow-rooted  A.  glauca  growing  on  a 70%  slope 
in  the  SDEF.  Accordingly,  these  plants  showed  the  greatest  rate  and 
severity  of  disease.  Following  most  September  inoculations,  regardless 
of  species  or  location,  lesion  growth  and  branch  death  was  rapid. 

A graphic  example  of  the  relationship  between  plant  xylem  pressure 
potential  and  the  rate  and  severity  of  disease  development  was 
demonstrated  early  in  the  trials.  In  September  1990,  a single  A.  glauca 
was  inoculated  with  B.  dothidea.  The  midday  xylem  pressure  potential 
at  the  time  was  -3.5  MPa.  A year  later,  due  to  the  heavy  rains  in  March 
1991,  the  reading  was  one  megapascal  higher,  -2.5  MPa.  Average 
lesion  length  one  week  after  the  September  1990  inoculations  was  two 
times  greater  than  in  September  1991.  Branch  mortality  occurred  in 
three  weeks  in  1990  but  took  over  five  weeks  in  September  1991. 

The  diurnal  fluctuation  in  xylem  pressure  potential  and  its  attendant 
seasonal  change  is  a reflection  of  available  soil  moisture,  the 
evaporative  demand  of  the  atmosphere,  and  a plant’s  ability  to  control 
transpirational  water  loss.  During  the  night,  when  the  stomata  of  C3 
plants  are  closed  and  relative  humidity  is  high,  plants  recover  water  lost 
during  the  day  and  the  xylem  pressure  potential  nears  equilibrium  with 
the  soil  water  potential.  As  the  daytime  temperature  increases,  so  does 
evaporative  demand,  leading  to  a decrease  in  xylem  pressure  potential. 
Midday  readings  are  lower  than  at  sunset,  which  are  usually  lower  than 
the  dawn  measurements.  The  latter  two  may,  however,  approximate 
each  other  during  periods  of  low  transpirational  stress. 

A yearly  graph  of  diurnal  xylem  pressure  potentials  is  steep  in  the 
hot,  dry  summer  and  fall,  becoming  more  shallow  during  the  wet 
months  of  winter  and  early  spring.  In  late  summer,  as  soil  moisture  was 
depleted,  the  maximum  level  of  plant  hydration  (i.e.,  dawn)  in  the  SDEF 
dropped  to  -1.5  to  -2.0  MPa.  At  this  level  of  water  stress,  plant 
metabolism  would  be  lowered  and  might  fit  the  definition  of 
drought-induced  dormancy  common  to  some  chaparral  plants  (Hanes 
1973).  In  this  state,  there  would  be  little  or  no  active  plant  defense 
against  pathogens  such  as  B.  dothidea. 

Drought-induced  plant  water  deficit,  as  measured  by  xylem  pressure 
potential,  appears  to  have  predisposed  the  chaparral  plants  tested  to  an 
increased  severity  of  disease  by  Botryosphaeria  dothidea.  As  plant 
xylem  pressure  potentials  decreased,  lesion  length  and  branch  death 
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increased.  It  has  been  shown  by  Mullick  (1975,  1977),  Purtich  (1975), 
and  Biggs  (1982)  that  the  host  defense  to  wounding  and  infection  is 
delayed  by  a plant  water  deficit.  A plant  water  deficit,  together  with 
artificial  wounding,  probably  predisposed  the  plants  in  this  study  to 
successful  infection  and  branch  dieback  by  the  opportunistic  parasite,  B. 
dothidea. 

The  total  amount  of  measurable  precipitation  during  a given  year 
may  not  be  the  best  means  of  predicting  branch  dieback  the  following 
year.  The  observations  of  the  past  two  years  suggest  that  the 
distribution  of  rainfall  throughout  the  season  and  the  date  of  the  last 
significant  storm  may  be  of  equal  importance.  On  the  steep,  granitic 
slopes  of  the  San  Gabriel  Mountains,  heavy  rains  are  not  as  effective  in 
recharging  the  ground  water  as  less  intense,  more  frequent  storms. 

Important  environmental  factors  that  may  predispose  chaparral 
plants  to  fungal  branch  dieback  and  other  stress-related  diseases  include 
high  summer  temperatures,  low  relative  humidity,  lack  of  available  soil 
moisture,  and  dry  winds  (i.e.,  Santa  Ana  winds)  during  the  fall.  These 
parameters  can  be  monitored  individually  and  predictive  models 
constructed.  The  direct  measurement  of  plant  water  status  using  a 
pressure  bomb  was  a fast,  accurate  indicator  of  the  potential  for,  and  the 
severity  of,  Botryosphaeria  branch  dieback  in  the  chaparral  plants 
tested.  Its  use  clarifies,  but  does  not  replace,  a thorough  understanding 
of  the  environment-plant-pathogen  interaction — the  disease  triangle. 
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Vascular  Plants  of  the  San  Joaquin 
Freshwater  Marsh  Reserve 


Angiosperms  - Flowering  Plants 

Peter  A.  Bowler 

Department  of  Ecology  and  Evolutionary  Biology 
University  of  California,  Irvine,  California  92717 

and 

Adrian  Wolf 

211-B  E Balboa  Boulevard,  Balboa,  California  92661 

The  San  Joaquin  Freshwater  Marsh  Reserve  occupies  202  acres  of 
wetland  adjacent  to  the  University  of  California,  Irvine,  and  is  one  of 
over  thirty  resserves  in  the  U.C.  Natural  Reserve  System.  The  wetlands 
include  permanent  ponds,  ephemerally  filled  shallow  basins  managed 
for  migratory  waterfowl,  and  bluffs  along  the  margin  between  uplands 
and  the  wetland  basin.  The  unlined  channel  of  San  Diego  Creek  passes 
as  an  estuary  through  the  Reserve  before  entering  the  Newport  Back 
Bay  Ecological  Reserve  donwstream.  The  native  vascular  plant  flora  of 
the  San  Joaquin  Freshwater  Marsh  Reserve  is  relatively  well  known. 
Native  vascular  plants  include  82  species  in  27  families.  An  additional 
seven  species  of  native  taxa  have  been  introduced  either  as  part  of  an 
.initial  planting  for  a coastal  sage  scrub  restoration  project  on  the  bluffs 
and  uplands,  or  to  provide  greater  habitat  diversity  for  raptors  and 
passerine  birds  {Platanus  racemosa  and  Populus  fremontii,  for 
example).  These  contribute  another  three  families  of  dicots.  There  is  a 
non-native  flora  of  89  taxa,  and  12  families  are  represented  only  by 
exotic  species.  Of  the  178  vascular  plant  taxa  in  the  Marsh,  84  species 
appear  on  the  U.S.  Fish  and  Wildlife  Service's  list  of  National  or 
Regional  Wetland  Indicator  Species  (Reed,  1988a,  1988b). 
Representative  collections  of  1 13  species  are  available  for  examination 
in  the  Museum  of  Systematic  Biology  herbarium  (IRVC).  The 
nomenclature  in  the  checklist  is  based  on  the  Jepson  Manual  (Hickman, 
1993),  and  synonyms  from  Roberts  (1989)  are  included  (Table  1)  to 
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facilitate  ease  use  and  to  avoid  confusion  in  the  new  Jepson  Manual 
synonymies.  The  lichen  flora  of  the  San  Joaquin  wetlands  appears  in 
Bowler  and  Riefner  (1990). 

The  list  of  the  vascular  plants  of  the  San  Joaquin  Freshwater  Marsh 
Reserve  (Table  2)  is  based  on  fieldwork  done  during  the  23  years  since 
the  University  of  California  purchased  the  Reserve.  This  checklist  was 
initiated  during  the  early  1970s  by  Gordan  Marsh,  former  curator  of  the 
UCI  Museum  of  Systematic  Biology.  Numerous  undergraduate  and 
graduate  students  also  contributed  to  the  checklist  over  the  years.  Fred 
Roberts,  a Museum  botanist  presently  with  the  U.S.  Fish  and  Wildlife 
Service,  added  many  species  to  the  checklist. 

We  thank  Fred  Roberts  and  Steve  Weller  for  useful  comments  on  an 
early  draft  of  the  manuscript,  Steven  Tajari  for  organization  of  the  table, 
and  Lori  Bradley  for  data  entry. 


Table  1.  Scientific  names  used  in  Roberts  (1989)  which  differ  from  the 
Jepson  Manual  (Hickman,  1993). 

Previous  name  Jepson  Manual 


Baccharis  pilularis  ssp.  consanguina 
Centaurea  repens 

Corothrogyne  filaginifolia  var.  virgata 
Gnaphalium  microcephalum 

Grindelia  robust  a 
Helianthus  annuus  ssp.  lenticularis 
Hemizonia  australis 
Heterotheca  fastigiata 
Isocoma  veneta  var.  vemonioides 
Matricaria  matricariodes 
Microseris  heterocarpa 
Soliva  daucifolia 

Xanthium  strumarium  var.  canadense 
Amsinckia  intermedia 


Baccharis  pilularis 
Acroptilon  repens 

Lessingia  filaginifolia  \2H.  filaginifolia 

Gnaphalium  canescens  spp. 
microcephalum 

Grindelia  camporum  var.  bracteosum 
Helianthus  annuus 
Hemizonia  parryi  ssp.  australis 
Heterotheca  sessiliflora  ssp.  fastigiata 
Isocoma  menziesii  var.  vemioides 
Chamomilla  suaveolens 
Stebbinoseris  heterocarpa 
Soliva  sessilis 
Xanthium  strumarium 
Amsinckia  menziesii 
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Heliotropum  curassavicum  ssp. 
oculatum 

Heliotropum  curassavicum 

Bras  Sica  geniculata 

Hirschfeldia  incana 

Bras  Sica  rapa  ssp.  sylvestris 

Brassica  rapa 

Atriplex  lentiformis  ssp.  breweri 

Atriplex  lentiformis  ssp.  lentiformis 

Atriplex  patula  ssp.  hastata 

Atriplex  triangularis 

Sal  sola  australis 

Salsola  tragus 

Cressa  truxillensis  var.  vallicola 

Cressa  truxillensis 

Persicaria  amphibia  var.  emersa 

Polygonum  amphibia  var.  emersa 

Persicaria  lapathifolium 

Polygonum  lapathifolium 

Polygonum  aviculare 

Poygonum  arenastrum 

Salix  hindsiana  var.  leucodendroides 

Salix  exigua 

Dichelostemma  pulchellum 

Dichelostemma  capitatum 

Bromus  hordeaceus  ssp.  molliformis 

Bromus  hordeaceus 

Diplachne  uninervia 

Leptochloa  uninervia 

Hordeum  califomicum 

Hordeum  brachyantherum  ssp. 
califomicum 

Stipa  pulchra 

Nassella  pulchra 

Literature  Cited 

Bowler,  P.A.  and  R.  Riefner.  1990.  A Preliminary  Lichen  Checklist  for 
the  University  of  California,  Irvine,  Campus  and  the  San  Joaquin 
Wetlands.  Crossosoma  16(6):  1-10. 

Hickman,  J.C.  (ed.).  1993.  The  Jepson  Manual:  Higher  Plants  of 
California.  The  University  of  California  Press.  Berkeley, 
California. 

Reed,  P.B.,  Jr.  1988a.  National  list  of  plant  species  that  occur  in 
wetlands:  national  summary.  U.S.  Fish  Wildl.  Serv.  Biol.  Rep. 
88(24). 

Reed,  P.B.,  Jr.  1988b.  National  list  of  plant  species  that  occur  in 

wetlands:  California  (Region  0).  U.S.  Fish  Wildl.  Serv.  Biol.  Rep. 
88(26.10). 
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integrifolia  (Nutt.)  Brewer  & S.  Watson 


Toxicodendron  diversilobum  (Torrey  & A.  Western  Poison  Oak 

Gray)  E.  Greene 

Apiaceae  (Umbelliferae)  - Carrot  Family 

*Apium  graveolens  L.  +,  WI  Eurasia  Celery  May-Jul  M,I,S 
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Artemisia  douglasiana  Besser  WI  Mugwort  Jun-Oct  I,S 

Artemisia  dracunculus  L.  + Dragon  Sagewort,  Tarragon  Aug-Oct  I,D 
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*Cotula  coronopifolia  L.  +,  WI  S.  Africa  African  Brass-Buttons  Jan-Jul  M,I,S 

*Cynara  cardunculus  L.  + Medit.  Cardoon,  Globe  Artichoke  May-Jul  I,D,S 


*Eclipta  prostrata  (L.)  L.  False  Daisy  All  mo. 

Euthamia  occidentalis  Nutt.  +,  WI  Western  Goldenrod  Jul-Nov 

Filago  californicaliMtX.  + California  Filago,  Mar-Jun 
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Heterotheca  sessiliflora  (Nutt.)  Shinn.  Goldenaster  Jul-Nov 

ssxi.fastigiata  (E.  Greene)  Semple 

* Hypochaer is  glabra  L.  + Europe  Smooth  Cat's-Ear 

Isocoma  menziesii  (Hook.  & Am.)  G.  Nesom  Coastal  Goldenbush  Apr-Dee 
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*Soliva  sessilis  Ruiz  Lopez  & Pavon  + S.  Amer.  Coast  Soliva  Apr-Jul 

*Sonchus  asper  (L.)  Hill.  ssp.  asper  +,  WI  Europe  Prickly  Sow  Thistle  Most  mo. 

*Sonchus  oleraceus  L.  Europe  Common  Sow  Thistle  Most  mo. 


Stebbinsoseris  heterocarpa  (Nutt.)  Chambers  -+-  Derived  Stebbinsoseris 

Stephanomeha  virgata  Benth.  ssp.  virgata  Tall  Wreath-Plant  Jul-Oct  I,D,S 
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Lepidium  nitidum  Torrey  & A.  Gray  + Shining  Peppergrass  Feb-May 


Lepidium  virginicum  L.  +,  WI 

var.  pubescens  (E.  Greene)  Thell. 

*RaphanussativusL.  + Medit.  Wild  Radish  Feb-Jul 


(/5 


Q Q 


C/5 

s 


o. 

< 


E 


U 

I 

CQ 

es 

9! 

u 


D 

O 

Oh 

o 

U 


’o 

U 

73 

o 

U 


E 

CQ 

0^ 

3 

s 

> 


2 S 


u 

Q 


•e 

2 

w 

u 

3 

s 


E 

R 

Jit: 


Q 

O 


CQ 

U 


o. 

c/5 


CO 


ed 

CO 


O. 

CO 

•o 

§ 

CO 

C/3 

I i 

> 

© 

u;  o 

© o 


CO 


4^ 

es 

4^ 

© 

.E 

*5 

o 

D 

c 

c 

4^ 

6 


2 

© 

o 

o 

u 


© 

00 

c 

u 


i.. 

•Ct 

•2  § 
^ c3 

O'  P 


E 

2 

00 

c 

w 

2 

g 

Ci, 

.2 

'«H 

s: 

a 


Cl. 

cJ 

c 

2 

S 

s 

<5 

Co 


c/3 

c/3 

© 

X5 


.E  ^ 

a 

j t- 


S 

5 

J 

I 


I, 

cl 


Crossosoma  19(1),  May  1993 


19 


A triplex  canescens  (Pursh)  Nutt, 
ssp.  canescens 


A triplex  lentiformis  (Torrey)  S.  Watson  WI 

ssp.  lentiformis 

*Atriplex  rosea  L.  +,  WI  Eurasia  Tumbling  Oracle  Jul-Oct  I,D 

*AtriplexsemibaccataRBr.  +,  WI  Australia  Australian  Saltbrush  Apr-Dee  M,I,D 
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*Ricinus  communis  L.  +,  WI  Europe  Castor-bean  Most  mo. 


Fabaceae  (Leguminosae)  - Legume  Family 

*Acacia  longifolia  (Andrews)  Willd.  Australia  Syndey  Golden, 

Golden  Wattle 
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'^Er odium  moschatum  (L.)  L’Her.  + Europe  White-Stemmed  Filaree  Feb-May 
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Eriogonumfasciculatum  Benth.  RI  California  Buckwheat 

\2H.fasciculatum 


'Polygonum  arenastrum  Boreau  +,  WI  Eurasia  Common  Knotweed,  May-Nov 
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Salicaceae  - Willow  Family 

PopulusfremontiiS.'fia\sonssx>.Jremontii  RI,  WI  Frdmont  Cottonwood; 
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*Hordeum  murinum  L.  Europe  Hare  Barley  Apr-Jun 

ssp.  lepohnum  (Link)  Arcangeli 

*Hordeum  vulgare  L.  Europe  Cultivated  Barley  Apr-Jul 

Leymus  triticoides  (Buckley)  Pilger  +,WI  Beardless  Wild-Rye  Jun-Jul 
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*rw/p/a  wywro5  (L.)  K.C.  Gmelin  -f , WI  Europe  Foxtail  Fescue  Mar-Jun 

var.  hirsuta  (Hackel)  Asch.  & Graebner 


Potamogetonaceae  - Pondweed  Family 
Potamogeton  sp.  Pondweed 

Typhaceae  - Cattail  Family 


00 


i 

u 

"O 

0 

1 


.2 

I 

i 


00 


C3 

i 

u 

E 

u 

■*-> 

3 

o 

00 


i2 

Oh 

•S2 


00 

5^ 


cj 

i 

o 

"S 


§30 

W o C 


I 

"O 

C3 

a 

CQ 


.Q 


S 


U 

> 


-a 

u 

gB 

o 

5 

o 


^ E 


<u 

c3 
E 

a 

cd 

fA 

.a 

0 
u 
a. 

t/5 

<D 

> C/J 

Id  .a 

C o 

1 (D 
C Q. 
O OO 

^ fe 

ed 
ro  o 

‘-5 

On  ^ 


I ^ 

tJi  O 
CO 

0 !• 

1 S 

§ E 
S 8 
S § 

JZ 

U g 

^ td 
^ .ti 

.E  ^ 
•o  o 
C 

1/5  O 

o -o; 
o.  cd 

T3  Q 


g 


W5 


E J 
•d  5 
■£  > 
s « 

8 o 

2 'i 

S 2 

E i 

ed  t:^ 

Z > 
• • 

^ (N 


^ Z 

S<2 

^ e 

c2  -2 

E a 


C B 
O ed 


« o 
Id 

^ (D 

W) 


X ^ Cd 
0/  73 

o !a 

o ^ 

< < 

II  " 

; S3 


C ed 
cd  W5 
*-*  - 
c/5  -4^ 

rv  ^ 

« ’o 
^ E 

II  II 

ro 


(L> 

O 

c 

3 

O 

o 

o 

0 

g 

1 


W)  « 

•Edo 

• 5 g « 

•g  § 

-=  j=  >. 
D ^ =0 
^ ^ D 

D E o I 
|a  al 
= i Q = 
_ « 

f " "I 

i Q t/2  t 


D 


30 


Crossosoma  19(1),  May  1993 


Book  Reviews 


Colorado  Desert  Wildjlowers  by  Jon  Mark  Stewart,  1993.  120  Pages. 
Cachuma  Press.  $12.95,  paper. 

The  author,  Curator  of  Gardens  at  the  Living  Desert  in  Palm  Desert, 
California,  has  produced  a publication  that  I recommend  for  anyone 
who  has  an  interest  in  wildflowers,  native  plants,  beautiful  photographs, 
or  a curiosity  about  what  plants  they  can  see  in  the  Colorado  Desert. 

Covering  an  important  geographical  area  of  California,  the  Colorado 
Desert,  this  photo-text  has  prints  of  1 1 1 different  plant  species 
photographed  in  the  Coachella  Valley,  Anza-Borrego  Desert  State  Park, 
and  portions  of  Joshua  Tree  National  Monument.  Each  plant  is  depicted 
on  a single  page  in  exquisite  color.  The  photographs  are  so  distinctive 
that  the  user  should  have  no  problem  in  identifying  the  actual  plant 
when  seen  in  the  field.  Featured  at  the  top  of  each  page  is  the  common 
name  and  common  family  name  of  each  plant;  taxonomic  information 
(genus  and  species,  and  family  name)  is  also  listed.  For  the  reader’s 
convenience  this  book  is  divided  into  sections  according  to  flower  color 
(white,  yellow,  orange  to  red,  pink  to  purple,  and  blue),  and  a special 
section  is  devoted  to  cacti. 

The  descriptive  information  that  accompanies  each  of  the 
photographs  gives  both  the  dimensions  and  a brief  description  of  the 
plant's  morphological  characteristics.  Also  given  are  the  specific 
habitats  where  many  of  the  plants  are  found.  Uses  of  the  plants  by 
wildlife  or  humans  are  frequently  indicated.  Where  a different  species 
similar  to  that  shown  in  a photograph  occurs,  characteristics  that  can  be 
used  to  differentiate  between  the  two  species  are  given.  Although  this 
book  focuses  on  the  wildflowers  of  the  Colorado  Desert,  the  range  of 
many  of  these  species  is  much  larger;  therefore,  this  book  could  be  used 
throughout  the  southwestern  deserts. 

Although  this  book  is  sized  for  use  in  the  field,  the  brilliance  of  the 
photographs  warrants  that  this  book  not  be  left  in  one's  daypack. 

Copies  of  this  publication  can  be  obtained  at  the  Living  Desert,  the 
visitor  center  at  Anza-Borrego  Desert  State  Park,  or  by  writing  to: 
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Jon  Stewart  Photography 
73430  Indian  Creek  Way 
Palm  Desert,  CA  92260-1169 

Please  include  $12.95  for  the  book,  $1.00  for  tax  and  $3.00  for 
shipping  and  handling  for  a total  of  $16.95.  The  author  will  be  happy  to 
autograph  your  copy  on  request. 


AlanP.  Romspert,  Department  of  Biology,  California  State  University, 
Fullerton 


Botanical  Exploration  of  the  Trans-Mississippi  West  by  Susan  Delano 
McKelvey,  1991.  1200  Pages.  Oregon  State  University  Press.  $95, 
hardcover. 

Their  names  are  commemorated  in  a thousand  plants:  Clarkia 
bottae,  Eschscholzia  californica,  Layia  platyglossa,  Lewisia  rediviva, 
Rafmesquia  neomexicana,  Tolmiea  menziesii,  Wyethia  angustifolia\ 
Amsinckia  menziesii,  Cardamine  nuttallii,  Carex  leavenworthii.  Datura 
wrightii.  Iris  hartwegii,  Ivesia  gordonii,  Montia  chamissoi,  Physalis 
fendleri,  Populus  fremontii,  Potentilla  drummondii,  Quercus  emoryi, 
Quercus  gambelii,  Romneya  coulteri,  Salix  geyeriana,  Salix  hindsiana, 
Salix  scouleriana,  Senecio  douglasii ....  They  are  the  naturalists  and 
explorers  of  the  western  United  States  in  its  early  years.  This  book  is 
their  story. 

The  book  is  a reprint  of  the  original  1955  edition,  with  a new 
foreword,  introduction,  and  bibliography.  The  author,  a cousin  of 
Franklin  Roosevelt  and  an  expert  on  lilacs  and  yuccas,  worked  at  the 
Arnold  Arboretum.  This  book  represents  over  a decade  of  research. 

The  book  is  arranged  chronologically  by  decade,  with  each  decade 
divided  into  chapters  representing  separate  journeys  of  exploration. 
Many  plant  explorers  appear  only  once,  but  other  more  active  ones,  such 
as  Nuttall  and  Douglas,  appear  in  more  than  one  decade.  The  individual 
chapters  draw  heavily  on  the  published  accounts  of  the  explorers  and  on 
other  historical  literature. 
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McKelvey’s  introduction  could  stand  alone  as  a separate  book.  She 
gives  a synopsis  of  exploration  during  the  period,  details  the  trials  and 
tribulations  of  botanical  explorers,  and  places  their  exploration  in  the 
context  of  early  nineteenth  century  botany.  OSU  Press  should  consider 
reprinting  the  introduction  as  an  inexpensive  paperback. 

I chose  one  chapter  to  read  and  review  in  detail,  the  one  concerning 
Chamisso,  Eschscholtz,  and  the  voyage  of  the  Rurik — I had  some  small 
familiarity  with  this  voyage  because  Chamisso  collected  a poppy  in  San 
Francisco  that  he  later  named  after  his  friend  Eschscholtz,  and  that 
much  later  became  our  state  flower.  I learned  that  California  constituted 
only  a small  portion  of  a voyage  that  crossed  the  Atlantic  from  St. 
Petersburg,  Russia,  to  Cape  Horn,  and  spanned  the  Pacific  as  well. 
During  their  short  stay  in  San  Francisco  in  October,  Chamisso  found 
few  plants  in  flower. 

One  might  wish  for  a deeper  analysis  of  personalities  and  historical 
context  in  these  accounts,  the  “story  behind  the  story”,  but  such  was  not 
the  style  of  writers  of  history  in  the  1950s.  On  the  other  hand,  the  book 
is  not  at  all  dry  and  encyclopedic,  and  it  is  enjoyable  reading  (hindered 
only  by  its  unwieldy  7 cm  thickness).  Certainly  such  a work  will  never 
again  be  produced  in  our  lifetimes,  and  it  is  a boon  to  botany  and  a 
credit  to  OSU  Press  that  they  reprinted  it. 

Yes,  it  is  an  expensive  book.  At  7.90  per  page,  it  compares  very  well 
with  college  textbooks,  which  characteristically  range  from  150  to  300 
per  page  (the  Jepson  Manual,  which  probably  sold  more  copies  in  the 
first  month  than  the  entire  press  run  of  this  book,  is  4.60  per  page). 
Nevertheless,  it  is  unfortunate  that  the  book  is  not  more  accessible. 
Certainly  every  university  library  and  most  larger  public  libraries  in  the 
western  states  ought  to  own  the  book  (give  the  acquisitions  librarian  a 
copy  of  this  review);  botanical  exploration  is  part  of  the  fabric  of 
. western  America.  Individuals  who  are  interested  in  botanical  history  or 
western  history  would  also  do  well  to  purchase  a copy;  it  is  of  lasting 
value,  and  it  is  not  likely  to  be  reprinted  again. 

Curtis  Clark,  Biological  Sciences  Department,  California  State 
Polytechnic  University,  Pomona 
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Instructions  to  Contributors 


Crossosoma  is  open  to  articles,  letters  to  the  editor,  and  book 
reviews  on  any  aspect  of  the  native  plants  or  plant  communities  of 
southern  California,  including,  but  not  limited  to,  anatomy, 
biogeography,  conservation,  cultivation,  ecology,  history,  physiology, 
reproductive  biology,  and  taxonomy.  All  submissions  are  reviewed  by 
the  editor,  and  articles  are  evaluated  by  one  or  more  reviewers  as  well. 

Manuscripts 

The  form  in  which  a manuscript  is  submitted  will  have  no  influence 
on  its  acceptance,  but  it  may  substantially  increase  or  decrease  the  time 
to  publication.  “Electronic  manuscripts”  (on  computer  disks)  are 
preferred.  Typewritten  (including  computer  hardcopy)  and  even 
handwritten  manuscripts  are  also  acceptable. 

Electronic  manuscripts  - Two  hardcopies  should  be  submitted 
initially  for  the  review  process;  diskettes  should  not  be  sent  until  the 
manuscript  is  accepted  for  publication.  Diskettes  can  be  5!4  inch  or  VA 
inch,  MSDOS  (IBM  PC  and  compatible)  format.  Some  CP/M  diskettes 
can  be  read,  and  Apple  Macintosh  and  He  diskettes  may  be  acceptable  at 
the  editor’s  discretion  (I  have  to  use  a borrowed  machine  to  transfer 
these).  Word  processor  formats  supported  include  Ami  Pro,  Microsoft 
Word,  Word  Perfect,  and  WordStar,  as  well  as  ASCII  text  files  (please 
inquire  for  other  file  formats).  Scientific  names  should  be  italicized  or 
underlined,  and  boldface  text  may  be  included,  but  the  files  should 
otherwise  be  unformatted:  no  centering,  no  paragraph  indentation,  no 
special  fonts,  and  no  tabs  except  in  tables.  Please  hit  the  space  bar 
t\i>ice  after  the  punctuation  at  the  end  of  a sentence,  but  only  once  after 
a period  in  the  middle  of  a sentence.  A hardcopy  should  accompany  the 
disk,  along  with  any  figures  or  photos. 

Typewritten  and  computer-printed  - Manuscripts  should  be 
double-spaced  in  a type  no  smaller  than  12-pitch  (elite),  not  right- 
justified,  on  one  side  of  8’/2  inch  x 1 1 inch  white  paper.  Margins  should 
be  at  least  1 inch  on  all  sides,  and  pages  should  be  numbered.  Figures 
and  photos  should  be  grouped  at  the  end  of  the  manuscript,  not  placed 
in  the  text.  Please  submit  two  copies  of  articles  and  one  copy  of  letters 
and  reviews. 

Handwritten  - Illegible  manuscripts  will  be  returned;  if  you  are  not 
sure  about  legibility,  please  submit  a sample.  Manuscripts  should 
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conform  as  closely  as  possible  to  the  format  for  typewritten  v^>rV  (lined 
paper  is  acceptable). 

Figures 

The  size  of  the  printed  area  on  a page  of  Crossosoma  is  about  4!4 
inches  x IVa  inches.  Line  drawings,  maps,  and  graphs  should  be  one  to 
two  times  this  size,  but  no  larger  than  %V2  inches  x 1 1 inches.  They 
should  be  in  black,  on  white  paper;  if  they  are  originals,  they  should  be 
mounted  on  stiff  cardboard.  Good-quality  black-and-white  photographs 
may  be  submitted.  They  will  ordinarily  be  printed  without  reduction  or 
magnification,  so  plan  their  sizes  according  to  the  final  page  size. 
Computer  graphics  files  (especially  “paint”  or  bitmap  files)  should  also 
be  actual  size,  and  not  incorporated  in  the  text  (formats  supported 
include  .BMP,  .TIP,  .PCX,  .WMF,  .CGM,  and  .CDR  files).  Working 
duplicates  of  all  figures  must  be  submitted.  These  can  be  photocopies. 
Figure  legends  should  always  be  on  a separate  sheet. 

If  you  have  not  prepared  figures  for  publication  before,  remember 
that  unnecessary  detail  will  confuse  the  reader.  This  is  especially  true 
with  maps;  only  those  landmarks  and  features  mentioned  in  the  text,  or 
necessary  for  locating  the  sites,  should  be  included. 

Plant  Names 

In  all  articles  except  those  dealing  specifically  with  taxonomy  and 
nomenclature,  scientific  names  of  vascular  plants  should  conform  to  The 
Jepson  Manual:  Higher  Plants  of  California.  If  necessary,  alternate 
names  may  be  presented  in  parentheses  or  as  footnotes.  Scientific 
names  are  required  for  all  plant  species  mentioned,  but  they  may  be 
presented  in  an  appendix  if  the  article  uses  common  names  in  text.  The 
policy  of  the  editor  is  to  discourage  the  use  of  “made  up”  common 
names  that  are  not  in  ordinary  use,  except  for  endangered  and  threatened 
species  and  those  on  the  various  CNPS  lists. 

Because  of  the  small  circulation  of  Crossosoma,  it  is  currently  the 
policy  of  the  editor  to  return  manuscripts  that  make  formal 
nomenclatural  changes. 

Literature  Citations 

These  should  match  as  closely  as  possible  the  style  of  Fremontia  or 
American  Journal  of  Botany.  If  you  are  not  sure  of  the  correct 
abbreviations  for  journal  titles,  please  spell  them  out. 
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Southern  California  Botanists 
Special  Publications 


No.  1.  A Flora  of  the  Santa  Rosa  Plateau  by  Earl  W. 
Lathrop  and  Robert  F.  Thome  (39  pages)  $7.00 

No.  2.  Flora  of  the  Santa  Monica  Mountains,  2nd  edition, 
by  Peter  H.  Raven,  Henry  J.  Thompson,  and  Barry  A. 
Prigge  (179  pages)  $10.50 

No.  3.  Endangered  Plant  Communities  of  Southern 
California,  Proceedings  of  the  15th  Annual  Symposium, 
edited  by  Allan  A.  Schoenherr  (1 14  pages)  $12.00 

All  prices  include  California  state  sales  tax,  handling, 
and  domestic  postage.  Send  check  or  money  order  payable 
to  “Southern  California  Botanists”  or  “SCB”  to: 


Southern  California  Botanists 
Department  of  Biology 
California  State  University 
Fullerton,  CA  92634 


op  r ^ 

iT: 

Du'?' 
3 1 " 
W < 
•"IQ 
•<  ~ 
2 I A 
< I 
W W 
^ D 0 

O 1 rt- 

f-:.  Oj 

cn  a:  3 

Q2  S-:. 

\ Q n 

cn  n: 

r-i  h~ : 

ro  ■■■ 

G--  m G1 

X & 

n 1 
u a 
as  D 


3 

sa 

ro 


Crossosoma 


Volume  1 9,  Number  2 


November,  1 993 


CONTENTS 

How  Dry  is  a Drought? 

Curtis  Clark  37 

Editorial — Who  Owns  California  Botany?  49 

Book  Reviews  52 


FED 

LIBRAR’^ 
riEW  YORK 
botanical 
garden 


Journal  of  the  Southern  California  Botanists 


Crossosoma 


Curtis  Clark,  Editor 
Biological  Sciences 

California  State  Polytechnic  University 
Pomona  CA  91768 
(909)  869-4062 


Crossosoma  (ISSN  0891-9100)  is  published  twice  a year  (May, 
November)  by  Southern  California  Botanists,  Inc.,  a California 
nonprofit  corporation.  Subscription  rate,  $15  per  calendar  year  ($8  for 
individual  members).  Back  issues  are  available  for  $5  an  issue  or  $10  a 
volume,  postpaid  (prior  to  Vol.  18,  Crossosoma  was  published 
bimonthly;  back  issues  are  $2  each,  $10  per  volume).  Manuscripts 
should  be  submitted  to  the  editor.  Applications  for  membership, 
requests  for  subscriptions  or  back  issues  should  be  sent  to  Alan 
Romspert,  Treasurer,  Department  of  Biology,  California  State 
University,  Fullerton  CA  92634. 


Southern  California  Botanists,  Inc. 

Officers  for  1993 


President 


Terry  Daubert 
Allan  A.  Schoenherr 


Vice  President 


Treasurer 


Alan  P.  Romspert 


Secretary 
Board  of  Directors 


Judi  Bogdanoff-Lord 


Gery  Allan,  Henry  Bante,  Curtis  Clark, 
Julie  Greene,  Joy  Nishida,  Thomas 
Philbrick,  Annette  Ross,  Paula  Schiffman 


Copyright  © 1993,  1994  by  Southern  California  Botanists,  Inc. 


How  Dry  is  a Drought?^ 


Curtis  Clark 


Biological  Sciences 
California  State  Polytechnic  University 
Pomona  CA  91768 


Since  1985,  the  National  Oceanic  and  Atmospheric  Administration 
(NOAA)  has  included  in  each  yearly  climatic  summary  of  California  a 
“departure  map”.  This  map  of  California  shows  climatic  reporting 
stations  as  circles.  The  size  of  each  circle  is  roughly  proportional  to  the 
difference  (or  departure)  between  the  precipitation  of  that  year  and  the 
average  precipitation  for  that  station  over  its  history.  The  circles  are 
black  when  the  yearly  total  exceeds  the  average,  and  white  when  it  is 
less  than  the  average.  Looking  at  these  maps  for  the  drought  years 
1986-1990,  one  sees  fewer  and  fewer  black  circles,  and  more  and  more 
large  white  ones.  Initially,  it  would  seem  that  these  maps  provide  a good 
visual  characterization  of  the  drought. 

However,  the  maps  are  misleading,  for  three  reasons.  First,  they,  like 
the  records  they  summarize,  are  based  on  a calendar  year,  which 
includes  portions  of  two  rainy  seasons.  Second,  the  departures  are 
absolute,  not  relative  to  the  average,  so  that  the  circle  for  a dry  desert 
station  with  no  precipitation  in  a given  year  might  be  smaller  than  the 
circle  for  a rainy  mountain  locality  with  a moderate  decrease.  Third,  the 
figures  do  not  account  for  the  variability  of  precipitation. 

It  is  well  known  that  precipitation  in  some  regions  varies  greatly 
from  year  to  year,  and  in  other  regions  is  more  constant.  Consider  two 
hypothetical  locations,  both  of  which  have  an  average  annual 
precipitation  of  500  mm.  Location  A has  500  mm  every  year,  and 
location  B varies  from  year  to  year,  with  a low  of  50  mm  and  a high  of 
950  mm.  If  both  locations  have  400  mm  of  rain  in  a given  year,  they 
have  the  same  departure,  whether  that  departure  is  measured  in  absolute 
or  relative  terms.  However,  the  vegetation  at  location  B is  likely  to  be 
very  different  from  that  of  location  A,  since  the  plants  at  location  B 
must  be  adapted  to  50  mm  of  rain,  while  those  at  location  A can  always 


Based  on  a paper  presented  at  the  Southern  California  Botanists 
Eighteenth  Annual  Symposium,  “The  Drought:  Effects  on  Native 
Plants”. 
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expect  500  mm.  A year  with  400  mm  would  be  ordinary  for  location  B, 
but  it  would  represent  a drought  of  historic  proportions  for  location  A. 

A useful  way  to  express  variability  is  the  coefficient  of  variation, 
which  is  the  standard  deviation  of  a population  divided  by  its  mean.  In 
this  study,  I calculated  the  coefficient  of  variation  of  22  reporting 
stations  (Table  1)  over  the  period  from  1955  to  1990.  For  convenience, 
calculations  were  based  on  calendar  year  figures;  rainfall  season  figures 
must  be  calculated  from  monthly  totals,  and  the  resulting  coefficients  do 
not  differ  significantly  from  those  calculated  by  calendar  year. 


Table  1.  Climatic  reporting  stations  used  for  study  of  the  coefficient  of 
variation. 


Alturas 

Los  Angeles 

San  Diego 

Bakersfield 

Mount  Wilson 

San  Francisco 

Barstow 

Needles 

Santa  Ana 

Bishop 

Palm  Springs 

Santa  Barbara 

Crescent  City 

Redding 

Santa  Monica 

Cuyamaca 

Riverside 

Yosemite 

Fresno 

Sacramento 

Indio 

Salinas 

The  coefficient  of  variation  correlates  with  other  climatic  and 
geographic  measures  (Fig.  1).  It  increases  with  decreasing  precipitation 
(dry  stations  are  more  variable  than  wet  stations),  decreasing  latitude 
(stations  in  the  south  are  more  variable  than  stations  in  the  north); 
decreasing  longitude  (stations  in  the  east  are  more  variable  than  stations 
in  the  west),  and  increasing  mean  annual  temperature  (warm  stations  are 
more  variable  than  cool  stations).  This  reflects  well-known  geographic 
trends  in  California  (Fig.  2). 

Comparison  of  the  coefficients  of  variation  shows  that  there  are 
differences  in  variability  among  California  climatic  reporting  stations, 
but  the  coefficient  of  variation  itself  does  not  provide  a measure  of 
departure  from  the  average.  A related  measure  that  does  is  the  standard 
score  or  z-score,  the  absolute  departure  divided  by  the  standard 
deviation.  A departure  expressed  as  a standard  score  shows  how  the 
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Annual  Precipitation 


Latitude 


Fig.  1 (this  page  and  following  page).  Correlation  of  the  coefficient  of  variation  of 
annual  precipitation  for  22  California  stations  with  average  annual  precipitation 
(mm),  latitude  (degrees),  longitude  (degrees),  and  mean  annual  temperature  (C). 
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Longitude 


Mean  Annual  Temperature 


Fig.  1 (continued). 
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Fig.  2.  Coefficient  of  variation  of  the  sample  stations. 

precipitation  of  a given  year  differs  from  the  mean  in  terms  of  the 
inherent  variability  of  that  station. 

Four  stations  were  selected  for  the  calculation  of  yearly  standard 
scores:  Barstow,  Crescent  City,  Mount  Wilson,  and  Santa  Monica. 
Precipitation  was  determined  for  years  beginning  on  July  1;  this 
corresponds  well  with  the  dry  season  and  is  a commonly  used  starting 
date  for  “rainfall  years”.  On  the  graphs,  the  first  year  of  a season  is 
labeled,  so  that  “1985”  refers  to  the  1985-1986  rainfall  year.  The  graphs 
cover  the  years  1955-1956  through  1989-1990. 

The  absolute  precipitation  for  Crescent  City  (Fig.  3,  top;  gaps  in  the 
line  indicate  gaps  in  the  data)  varied  from  30  to  over  90  inches  per  year. 
The  year  1976-1977  showed  a departure  of  two  and  a half  standard 
deviations  below  the  average  (Fig.  3,  bottom).  Beginning  in  the  fall  of 
1981,  there  were  three  years  of  above-average  precipitation,  and  all  but 
one  of  the  years  following  were  below  average.  Notice  that  no 
above-average  year  had  a standard  score  of  2.0  or  above. 
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Fig.  3.  Crescent  City.  Yearly  precipitation  (top),  yearly  departure 
measured  as  standard  score  (bottom). 
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Fig.  4.  Mount  Wilson.  Yearly  precipitation  (top),  yearly  departure 
measured  as  standard  score  (bottom). 
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Fig.  5.  Santa  Monica.  Yearly  precipitation  (top),  yearly  departure 
measured  as  standard  score  (bottom). 
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Fig.  6.  Barstow.  Yearly  precipitation  (top),  yearly  departure  measured  as 
standard  score  (bottom). 
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The  absolute  precipitation  at  Mount  Wilson  ranged  from  ten  inches 
to  over  90  inches  during  the  period  (Fig.  4,  top).  Only  four  dry  years  had 
a standard  score  of  -1 .0  or  less  (Fig  4,  bottom),  even  during  the  drought 
of  the  late  1980s  (but  note  the  missing  data).  Two  very  wet  years  exceed 
a standard  score  of  2.0,  however. 

The  absolute  precipitation  at  Santa  Monica  varied  between  four  and 
37  inches  (Fig.  5,  top).  Only  a single  drought  year  had  a standard  score 
less  than  -1.0,  but  two  wet  years  exceeded  2.0  (Fig  5,  bottom). 

Precipitation  at  Barstow  ranged  from  one  inch  to  just  over  ten  inches 
(Fig.  6,  top).  Three  drought  years  had  standard  scores  of  less  than  -1.0, 
and  four  wet  years  reached  or  exceeded  2.0  (Fig  6,  bottom). 

It  should  be  apparent  that  standard  scores  better  reflect  wet  and  dry 
spells:  the  absolute  departure  of  a moderately  dry  year  in  Crescent  City 
would  exceed  the  total  range  of  precipitation  in  Barstow.  Likewise,  30 
inches  of  precipitation  in  Crescent  City  can  be  seen  to  be  a severe 
drought.  But  why  is  it  that  of  the  four  stations,  only  Crescent  City  had  a 
drought  with  a standard  score  less  than  -2.0? 

This  is  the  result  of  a fundamental  property  of  precipitation:  it  can 
never  be  less  than  zero.  For  the  southern  stations,  even  no  precipitation 
at  all  would  yield  a standard  score  less  than  -2.0. 

Assuming  the  data  fit  a normal  distribution  (the  “bell-shaped  curve” 
of  statisticians),  one  can  calculate  the  probability  that  a year  with  a 
given  standard  score  will  occur.  For  example,  a standard  score  of  -2.0 
would  be  expected  in  about  2%  of  all  years.  If  we  assume  a normal 
distribution  (note  that  this  is  not  always  the  case),  we  can  calculate  the 
standard  score  for  a year  with  no  precipitation,  and  then  calculate  its 
probability.  This  tells  us  for  any  given  station  the  likelihood  of  having  a 
year  with  no  precipitation. 

When  we  examine  the  probability  of  a totally  dry  year  for  the  22 
stations  examined  earlier  (Table  2),  we  see  that  for  some  stations  the 
possibility  is  remote  (less  than  one  chance  in  ten  thousand  at  Crescent 
City,  for  example),  but  for  others  it  is  almost  routine  (seven  chances  in 
100,  or  7%,  in  Indio).  This  suggests  that  even  years  without  rain  are  not 
unexpected  in  many  southern  California  locations. 

As  I mentioned,  calculating  probabilities  only  works  when  the  data 
are  normally  distributed.  Of  the  four  stations  examined  on  a rainfall  year 
basis.  Crescent  City  and  Indio  have  a normal  distribution.  Santa  Monica 
and  Mount  Wilson  have  a lognormal  distribution,  in  which  lower  yearly 
totals  are  more  common  than  higher  ones.  Lognormal  distributions  can 
be  adjusted  mathematically  to  yield  probabilities  just  a normal 
distributions  do.  That  would  result  in  a somewhat  different 
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Table  2.  Probability  of  a year  with  no  precipitation,  based  on  the 
climatic  data  from  1955-1990,  and  assuming  normally  distributed 
yearly  totals. 


Station 

Standard  score  (z) 

Probability 

Crescent  City 

-4.98 

<0.0001 

Alturas 

-3.93 

<0.0001 

Redding 

-3.30 

0.0005 

Yosemite 

-2.97 

0.0015 

Sacramento 

-2.90 

0.0019 

Bakersfield 

-2.82 

0.0024 

San  Francisco 

-2.78 

0.0027 

Salinas 

-2.74 

0.0031 

Fresno 

-2.70 

0.0035 

San  Diego 

-2.40 

0.0082 

Cuyamaca 

-2.30 

0.0107 

Santa  Barbara 

-2.15 

0.0158 

Riverside 

-2.01 

0.0192 

Needles 

-2.03 

0.0212 

Santa  Ana 

-1.96 

0 0250 

Los  Angeles 

-1.92 

0.0274 

Barstow 

-1.87 

0.0307 

Santa  Monica 

-1.82 

0.0344 

Bishop 

-1.78 

0.0375 

Mount  Wilson 

-1.75 

0.0401 

Palm  Springs 

-1.57 

0.0582 

Indio 

-1.45 

0.0735 
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probability  of  a totally  dry  year,  but  it  does  not  change  the  basic 
observation  that  dry  years  are  not  always  rare. 

Conclusions 

Any  attempt  to  characterize  the  ecological  effects  of  precipitation 
differences  in  California  should  use  a rainfall  year  beginning  on  July  1. 
Showing  precipitation  departures  as  standard  scores  would  be  more 
informative  than  showing  them  as  absolute  differences.  Standard  scores 
are  useful  in  this  role  even  when  yearly  totals  are  not  normally 
distributed. 

Precipitation  is  more  variable  in  southern  California  than  in  northern 
California.  This  undoubtedly  affects  the  vegetation  of  these  regions.  It 
will  be  worthwhile  to  compare  the  vegetation  of  areas  that  differ 
primarily  in  the  variability  of  their  precipitation. 

In  much  of  southern  California,  years  with  near-zero  precipitation 
are  not  unlikely.  This  means  that  from  the  plants’  standpoint,  a single 
dry  year  does  not  make  a drought.  Thus,  future  studies  should  focus  on 
drought  as  a multi-year  phenomenon.  It’s  not  how  dry  the  drought  is, 
it’s  how  long  it  lasts. 
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Who  Owns  California  Botany? 


At  a recent  meeting  of  the  Association  of  Biologists  Using 
Computing  at  CSU  Long  Beach,  I watched  Steven  Hartman  demonstrate 
the  CNPS  Electronic  Inventory.  This  computer  database  has  all  the 
information  of  the  CNPS  Inventory  of  Rare  and  Endangered  Vascular 
Plants  of  California  in  an  easily  accessible  format  for  MS-DOS 
computers.  Anyone  who  has  struggled  with  the  book  will  welcome  the 
ability  to  quickly  extract  the  desired  information,  by  species,  county, 
quadrangle,  habitat,  or  keyword-in-context.  The  program  is  not  just  a 
more  convenient  way  to  view  the  data;  its  ability  to  do  cross-tabulations 
allows  investigators  to  look  at  the  data  in  completely  new  ways.  For 
example,  it  would  be  simple  to  prepare  a list  of  the  number  of  riparian 
endemics  in  every  quadrangle  in  the  state,  and  from  that  to  make  a map, 
and  look  for  geographic  patterns. 

Such  a program  would  be  of  great  value  to  botanists  at  herbaria, 
botanic  gardens,  and  museums,  to  professors  and  students  at  colleges 
and  universities  large  and  small,  and  to  the  hundreds  of  amateur 
botanists  who  have  always  played  an  important  part  in  California 
botany.  Unfortunately,  few  of  these  will  ever  use  the  program:  it  will  be 
sold  for  seven  hundred  and  fifty  dollars. 

Why  so  expensive?  It  is  envisioned  that  the  main  users  of  this 
program  will  be  environmental  consultants,  and  that  they  can  afford  to 
pay  for  it. 

I find  this  view  disturbing  for  a number  of  reasons.  First,  the 
program  is  not  inherently  expensive  to  produce.  The  data  already  exist. 
The  costs  of  developing  the  program  for  accessing  them  will  be 
amortized  over  every  copy  sold,  and  as  major  software  manufacturers 
have  shown,  you  can  sell  a lot  more  copies  at  $75  than  you  can  at  $750. 

Second,  there  is  no  assurance  that  environmental  consultants  will 
purchase  the  program.  Freelance  consultants  can  find  all  the  information 
in  the  $22.95  book.  Large  consulting  firms  can  find  all  the  information 
in  RAREFIND  (the  computer  program  based  on  the  California  Natural 
Diversity  Database),  and  more:  animals,  and  precise  localities. 
RAREFIND  is  no  bargain  at  around  $2500,  but  few  companies  that  own 
RAREFIND  would  want  to  spend  an  additional  $750  for  the  CNPS 
product. 

But  let’s  imagine,  for  the  sake  of  argument,  that  every  consultant  in 
the  state  bought  a copy.  CNPS  would  rake  in  large  amounts  of  money 
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that  could  be  put  to  work  protecting  more  plants,  and  all  you  amateur 
and  university  botanists  can  still  buy  the  book.  Is  this  a bad  thing? 

I submit  that  it  is.  To  see  why,  we  must  look  at  where  the  money 
comes  from,  and  where  the  data  come  from. 

Where  does  the  money  ultimately  come  from?  It  comes  from 
companies  that  want  to  destroy  plants.  Companies  hire  consultants 
because  they  must  conform  to  the  provisions  of  laws  such  as  the 
California  Environmental  Quality  Act,  that  require  that  they  avoid  or 
mitigate  the  destruction  of  environmental  resources,  such  as  rare  and 
endangered  plants.  Companies  that  are  not  planning  to  destroy  plants 
don’t  hire  botanical  consultants.  I am  not  saying  that  this  is  somehow 
“tainted  money”;  I have  done  consulting  myself,  and  I think  the  system 
beats  the  alternative  of  companies  destroying  plants  with  impunity. 
Nevertheless,  that’s  where  the  money  comes  from. 

Where  do  the  data  come  from?  They  come  from  people  who  are 
interested  in  saving  the  botanical  diversity  of  California.  Some  of  these 
people  are  botanical  consultants,  who  find  new  locations  as  part  of  their 
field  work.  Some  are  university  botanists.  Some  are  amateurs.  All  of 
them  report  their  discoveries  with  no  compensation,  except  the 
knowledge  that  they  are  helping  to  preserve  the  rare  plants  of  California. 

The  money  comes  from  companies  that  want  to  destroy  plants.  The 
data  come  from  people  who  want  to  save  plants.  Which  of  these  groups 
is  the  customer?  Simple  economics  tells  us  that  it  is  the  group  that  pays. 
CNPS  is  taking  data  from  people  whose  intent  is  to  save  plants,  and 
selling  it  to  people  whose  intent  is  to  destroy  plants. 

The  issue  goes  beyond  the  selling  price  of  the  CNPS  Electronic 
Inventory.  I am  a university  botanist,  and  I curate  a small  herbarium.  By 
tradition,  herbarium  curators  have  provided  plant  identification  to  the 
general  public,  for  free.  For  some  curators,  this  is  an  assigned  duty,  but 
for  many  others,  including  me,  plant  identification  is  not  a part  of  our 
job  description.  Recently,  a former  student  came  to  ask  help  with 
identifying  some  plants.  She  had  a bachelor’s  degree  in  zoology,  she 
was  working  for  an  environmental  consulting  company,  and  she  had  no 
training  in  plant  identification. 

As  a curator,  I could  have  identified  the  plants  for  her.  But  I,  like 
many  other  university  botanists,  am  also  a freelance  consultant,  and  as 
such  I am  paid  to  identify  plants.  I explained  that  to  her  and  offered  to 
identify  the  plants  for  my  usual  rate,  which  she  declined. 

I don’t  think  consulting  companies  should  be  able  to  get  information 
for  free  in  one  circumstance  that  they  would  have  to  pay  for  in  another. 
But  it  bothers  me  that  botanical  information  has  become  a commodity. 
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to  be  bought  and  sold.  When  an  interest  in  plants  was  restricted  to 
gardeners  and  “posy-pickers”,  information  about  plants  was  traded 
freely.  Times  have  changed.  When  I first  learned  that  I could  be  paid  for 
identifying  a plant,  I was  elated  beyond  measure — finally  someone 
recognized  the  true  worth  of  what  I do.  But  that  “true  worth”  has  come 
to  mean  that  information  about  plants  is  sold,  not  given,  and  a lot  of  the 
pleasure  has  gone  out  of  posy-picking. 

Who  owns  botany  in  California?  By  their  actions,  the  Jepson 
Manual  crew,  for  example,  believe  that  it  belongs  to  all  of  us  who  take 
an  interest  in  it.  By  their  actions,  the  people  who  set  the  price  of  the 
CNPS  Electronic  Inventory  evidently  believe  it  belongs  to  the  people 
willing  to  pay  cash  money  for  it.  I’d  like  to  think  that  the  Jepson  crew 
are  right.  But  protecting  California’s  plants  is  not  cheap,  and  someone 
has  to  pay  for  it. 

Curtis  Clark,  Editor 
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Book  Review 


California’s  Threatened  Wildlands 
and  Biodiversity 

During  the  last  few  years  a series  of  books  has  been  published  that 
addresses  the  general  topic  of  California’s  threatened  ecosystems  and 
loss  of  species  diversity.  Reviewed  here  are  five  of  those  books  listed  in 
chronological  order  of  publication: 

Leopold,  A.  Starker,  and  Tupper  Ansel  Blake.  1985.  Wild 
California:  Vanishing  Lands,  Vanishing  Wildlife.  University  of 
California  Press.  $19.95  (paper). 

Steinhart,  Peter.  1990.  California's  Wild  Heritage:  Threatened  and 
Endangered  Animals  in  the  Golden  State.  California  Department  of 
Fish  and  Game,  California  Academy  of  Sciences,  Sierra  Club  Books. 
$12.95  (paper). 

Barbour,  Michael,  Bruce  Pavlik,  and  Susan  Lindstrom.  1993. 
California 's  Changing  Landscapes:  Diversity  and  Conservation  of 
California  Vegetation.  California  Native  Plant  Society.  $24.95  (paper). 

Peterson,  B.  “Moose”.  1993.  California:  Vanishing  Habitats  and 
Wildlife.  Beautiful  America  Publishing  Company.  $21.95  (paper). 

Palmer,  Tim  (Editor).  1993.  California's  Threatened  Environment: 
Restoring  the  Dream.  Planning  and  Conservation  League  Foundation, 
Island  Press.  $45.00  donation  to  Planning  and  Conservation  League 
(paper). 

Wild  California  is  a visually  spectacular,  large  format  volume.  It  is 
graced  by  the  exquisite  photographs  of  Tupper  Ansel  Blake,  one  of  the 
best  nature  photographers  alive  today.  Writing  of  the  text  by  A.  Starker 
Leopold  was  interrupted  by  his  untimely  death  in  1983.  Raymond 
Dasmann,  another  well  known  wildlife  biologist  from  the  University  of 
California  and  one  of  Leopold’s  students,  took  the  unfinished  text  and 
sewed  the  pieces  together  to  produce  a compendium  of  “descriptive, 
philosophical,  and  advocative  pieces  (that)  illuminate  collectively 
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Starker’s  principal  interests  and  concerns.”  If  the  reader  can  tear 
himself  away  from  gazing  at  the  beautiful  photographs  he  should  not 
overlook  reading  the  marvelous  though  brief  text  in  which  Leopold  and 
Dasmann  reflect  on  the  history  of  wild  California  and  how  humans  have 
changed  the  natural  environment  to  the  detriment  of  its  great  legacy  of 
diversity.  The  book  is  divided  into  eight  chapters,  each  of  which 
embraces  a general  region  of  the  state.  This  book  differs  from  the  others 
in  that  it  approaches  the  subject  from  a historical  perspective.  In  each 
chapter,  regions  are  described  in  a non-technical  way  and  natural  history 
of  some  of  the  important  wildlife  is  discussed  in  a manner  that  reflects 
the  authors’  experiences  as  wildlife  biologists.  This  is  a “coffee  table” 
type  of  book  that  no  person  who  loves  California  should  be  without.  Its 
reasonable  price  was  made  possible  by  “generous  assistance”  from  The 
Nature  Conservancy. 

California  *s  Wild  Heritage  is  a species  by  species  account  of 
California’s  threatened  and  endangered  wildlife.  Each  species  account  is 
accompanied  by  a beautiful  color  photograph,  or  in  the  few  cases  where 
no  such  photograph  was  available,  there  is  a high  quality  line  drawing  to 
illustrate  the  animal.  In  each  case,  there  is  a brief  description  of  the 
animal  accompanied  by  the  threats  to  its  existence.  Efforts  toward 
recovery  are  also  described.  This  book  is  by  no  means  a dull  catalogue 
of  endangered  species.  Peter  Steinhart  is  a well  known  nature  writer  and 
his  text  is  interesting  and  informative.  One  of  the  important 
contributions  of  this  book  is  the  introductory  chapter  by  Robert  I. 
Bowman  on  “Evolution  and  Biodiversity  in  California.”  In  this  chapter 
there  is  a fine  but  succinct  explanation  of  the  importance  of  biodiversity 
and  what  we  can  do  to  preserve  it.  Chapter  Two,  “Protecting 
California’s  Wildlife”,  is  a lucid  description  of  the  problem  of 
endangered  species  in  California.  It  includes  a brief  history  of  the 
problem,  what  we  stand  to  lose,  and  what  we  can  do  about  it.  Again,  the 
reasonable  price  of  this  volume  reflects  outside  support,  in  this  case  the 
California  Department  of  Fish  and  Game  and  the  California  Academy  of 
Sciences.  Everyone  interested  in  California’s  wildlife  should  have  a 
copy  of  this  book. 

California 's  Changing  Landscapes  is  the  long-awaited  book  on 
California’s  plant  communities  for  non-botanists.  Michael  Barbour  and 
his  coauthors,  with  the  backing  of  the  California  Native  Plant  Society, 
have  put  together  a very  pretty  volume.  Similar  to  Wild  California,  as 
described  above,  the  book  is  organized  into  geographic  regions,  and  it  is 
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well  illustrated.  Unlike  Wild  California,  the  emphasis  is  on  the  text. 
Within  each  geographic  region,  subject  matter  is  divided  into  plant 
communities.  This  is  a book  to  read,  but  also  enjoy  the  pretty  pictures 
along  the  way.  There  is  an  introductory  chapter  on  factors  that  influence 
California  vegetation,  and  the  last  two  chapters  are  on  Native  Americans 
and  the  future  of  California  vegetation.  As  a special  bonus,  in  the  back 
of  the  book,  there  is  a substantial  list  of  references,  a glossary,  and  a list 
of  common  and  scientific  names  for  plants  mentioned  in  text. 
Unfortunately,  the  book  was  ten  years  in  the  making  so  very  few 
references  beyond  the  mid-1980s  are  included.  Wild  California,  for 
example,  is  not  included.  In  the  case  of  taxonomy,  however,  this 
problem  was  overcome  in  the  list  by  cross  referencing  the  names  from 
Munz  with  those  that  appear  in  the  new  Jepson  Manual. 

If  there  is  a failing  in  California 's  Changing  Landscapes  it  is  that 
it  was  written  by  a group  of  authors  from  central  California;  they  are  all 
affiliated  with  U.  C.  Davis.  The  result  is  that  southern  California 
communities  are  woefully  under-represented.  Chaparral,  for  example,  is 
discussed  primarily  as  a component  of  the  Great  Central  Valley.  Coastal 
Sage  Scrub  gets  two  and  a half  pages  in  a chapter  entitled  ‘The  Coastal 
Interface.”  The  effect  of  ozone  on  native  vegetation  is  discussed  entirely 
with  respect  to  central  California  forests.  Southern  forests  and 
woodlands  are  barely  discussed  and  the  Transverse  and  Peninsular 
Ranges  are  mentioned  only  in  passing,  as  components  of  the  rain 
shadow  effect  responsible  for  the  southern  deserts.  I even  found  the 
description  of  the  Colorado  Desert  confusing  in  that  it  implies  that 
desert  wash  species  such  as  Smoke  Trees  and  Palo  Verdes  form  a 
widespread  overstory,  and  the  unique  Cactus  Scrub  community  is  not 
really  identified  at  all. 

In  spite  of  its  shortcomings  for  southern  Californians,  this  is  a well 
written,  beautifully  illustrated  book  about  California  vegetation. 
Non-botanists  will  find  the  book  very  useful,  but  serious  botanists 
probably  will  still  refer  to  Terrestrial  Vegetation  of  California  for  a 
more  thorough  approach  to  the  same  kind  of  information. 

California 's  Threatened  Environment  is  more  of  a reference  book 
or  textbook  than  the  others.  It  is  305  pages  long  and  has  no  photographs, 
although  it  is  illustrated  with  graphs  and  charts.  There  are  eighteen 
chapters,  and  fifteen  authors.  Each  chapter  is  an  essay  about  an 
environmental  problem  in  California.  Chapters  address  topics  such  as 
the  population  problem,  auto  dependency,  air  pollution,  water  supply, 
water  quality,  land  use,  logging,  solid  waste,  and  endangered  species.  As 
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in  the  other  books  reviewed  here  there  are  also  chapters  on  the  native 
California  landscape  and  what  we  can  do  in  the  future  to  preserve  it. 
Because  I teach  Environmental  Science,  I found  myself  deeply  absorbed 
in  reading  this  book.  It  is  absolutely  loaded  with  facts  and  figures  about 
California’s  environmental  problems.  While  I’m  certain  that  most 
non-botanists  would  not  find  this  book  appropriate  for  casual  reading,  I 
believe  everyone  in  California  should  read  it.  Unfortunately,  the  only 
way  I know  to  get  a copy  of  the  book  is  to  contribute  money  to  the 
Planning  and  Conservation  League. 

California:  Vanishing  Habitats  and  Wildlife  is  essentially  a 
collection  of  beautiful  photographs  by  B.  “Moose”  Peterson,  an 
outstanding  wildlife  photographer.  The  text,  however,  is  also  excellent, 
although  brief  The  foreword,  by  Roger  Tory  Peterson,  is  another 
well-written  discussion  of  California’s  biodiversity  and  what  human 
habitation  has  done  to  it.  The  rest  of  the  book  is  divided  into  eight 
chapters,  each  featuring  a major  habitat  such  as  Grasslands,  Fresh  Water 
Marshes,  Riparian  Forests,  The  Desert  etc.  There  is  even  an  entire 
chapter  on  Coastal  Sage  Scrub!  Within  each  chapter  specific  locations 
are  featured  that  represent  outstanding  examples  of  each  habitat.  For 
example,  the  chapter  on  Riparian  Forests  features  Big  Morongo,  the 
Consumnes  River,  Great  Falls  Basin,  the  Kern  River,  and  Los  Bafios 
Grande,  all  locations  where  relatively  undisturbed  riparian  forests  may 
still  be  found.  And,  of  course,  photographs  and  discussions  of 
endangered  wildlife  are  featured  in  each  section.  A nice  feature  about 
this  book  is  that  it  motivates  the  reader  to  visit  these  specific  localities 
where  wild  California  can  still  be  experienced. 

In  summary,  one  cannot  help  but  be  impressed  by  the  prestigious 
authors  of  these  volumes.  Each  approaches  the  subject  of  California,  its 
diversity,  and  how  to  preserve  it  in  a different  way.  It  seems  to  me  that 
anyone  who  is  in  touch  with  the  outdoors  and  likes  what  California  has 
to  offer  should  own  copies  of  each  of  these  books. 

Allan  A.  Schoenherr,  Division  of  Natural  Sciences,  Fullerton  College 
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Interface  Between  Ecology  and  Land  Development  in  California, 
edited  by  Jon  E.  Keeley.  1993.  297  pages.  Southern  California  Academy 
of  Sciences.  $26.00,  cloth  (available  from  Southern  California  Academy 
of  Sciences,  900  Exposition  Blvd,  Los  Angeles  90007). 

This  book  is  the  proceedings  of  a symposium  of  the  same  name  that 
took  place  at  Occidental  College  on  the  weekend  after  the  1992  Los 
Angeles  riots.  Those  of  us  who  did  not  attend  should  be  grateful  to  have 
access  to  the  talks  in  this  inexpensive  volume. 

According  to  the  preface,  the  purpose  of  the  symposium  was  “to 
bridge  gaps  that  are  not  commonly  filled  between  disciplines,  and  to 
provide  a forum  that  would  bring  together  consultants,  academic 
researchers,  government  servants  responsible  for  policy  implementation, 
and  citizens  concerned  with  conservation  of  our  natural  resources.” 
However  successful  the  conference  was  in  this  regard,  it  is  not  reflected 
in  the  diversity  of  papers,  which  range  from  political  perorations 
through  practical  field  studies  to  ecological  theory.  There  is  something 
in  the  book  for  everyone  to  like,  and  something  for  everyone  to  hate,  but 
there  is  no  attempt  to  tie  any  of  it  together.  This  should  in  no  way  be 
construed  as  a flaw — the  basic  conflicts  involved  often  seem  intractable, 
and  if  you  were  hoping  for  a solution,  you  won’t  find  it  spelled  out  here. 

Following  the  keynote  address  by  Peter  Raven,  the  book  is  divided 
into  four  sections,  “Biodiversity  and  Conservation”,  “Land  Management 
and  Land  Stewardship”,  “Wildlife  and  Corridors”,  and  “Mitigation  and 
Community  Restoration”.  Each  contains  a mix  of  papers  by  academics, 
consultants,  agency  personnel,  and  others.  Most  of  the  papers  have 
bibliographies.  The  volume  is  well-edited  and  attractive;  some  of  the 
photographs  and  graphs  are  of  low  quality,  but  this  seems  to  reflect  the 
materials  submitted  by  the  authors.  A paper  on  Orange  County  protected 
areas  includes  color  maps. 

In  the  preface,  Keeley  states,  “What  is  emerging  in  California  and 
elsewhere  is  a growing  realization  that  we  have  won  the  war  against 
nature.”  The  war  against  “nature”  is  ultimately  a war  against  ourselves, 
which  we  must  inevitably  lose.  I believe  that  the  conflict  between 
development  and  sustainability  will  only  be  solved  by  changes  in 
society,  changes  that  may  result  from  a greater  scientific  understanding, 
or  that  may  precede  it.  The  value  of  this  volume  is  that  it  shows  us  what 
we  have  accomplished,  and  how  far  we  have  left  to  go. 

Curtis  Clark,  Biological  Sciences  Department,  California  State 
Polytechnic  University,  Pomona 
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Southern  California  Botanists 
Special  Publications 

No.  1.  A Flora  of  the  Santa  Rosa  Plateau  by  Earl  W. 
Lathrop  and  Robert  F.  Thome  (39  pages)  $7.00 

No.  2.  Flora  of  the  Santa  Monica  Mountains,  2nd  edition, 
by  Peter  H.  Raven,  Henry  J.  Thompson,  and  Barry  A. 
Prigge  (179  pages)  $10.50 

No.  3.  Endangered  Plant  Communities  of  Southern 
California,  Proceedings  of  the  1 5th  Annual  Symposium, 
edited  by  Allan  A.  Schoenherr  (114  pages)  $12.00 


All  prices  include  California  state  sales  tax,  handling, 
and  domestic  postage.  Send  check  or  money  order  payable 
to  “Southern  California  Botanists”  or  “SCB”  to: 


Southern  California  Botanists 
Department  of  Biology 
California  State  University 
Fullerton,  CA  92634 
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